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The Universe is (pretty much)
the same everywhere!
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Evolution of homogeneous, non-
static (expanding) universes
“Friedmann models™ (1922, 1927)
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Expansion History of the Universe
Perlmutter, Physics Today (2003)
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Working | All matter, no| Geometrically

Belief dark energy Euclidean
Key Matter Deceleration or
Observables density acceleration

Close to, but [Matter and dark
not quite, |energy densities
Euclidean comparable

Unsettling
Coincidence
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P(k): how lumpy is your Universe!

“Matter Power

Spectrum” P(k)

Inhomogeneity:
ponck 201817 Amplitude? of
e et ! Fourier moment of
3055 DO Ly fres matter distribution

on spatial scale k&

Figure from Chabanier,

Millea, Palanque-Delabrouille
Wavenumber k [7/Mpc] arXiv:1905.18103

Large scales



CMB:“Piper at the Gates of Dawn”

All Sky Temperature Amplitude? vs angular scale
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Large scales

Cosmic Microwave Background (CMB) 1s released when
primordial EM plasma de-1onizes at z~1100. Temperature
pattern reflects matter distribution + sound wave oscillations
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Summary

The uniform, isotropic expanding Universe was first
described in the 1920°s -- 1930’s

During the 20th century, intense focus on matter
density and geometry; no exotic energy imagined.

At the turn of the 21st century, distant supernovae
show the Universe’s expansion to be accelerating,
forcing us to entertain exotic “dark/vacuum energy”.

Constant dark/vacuum energy will dominate the
Universe; but why is the transition happening now!? and
is the dark/vacuum energy really constant?
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